This study examined the effects of the separation between dispensing and prescribing medicines by pharmacists in pharmacies and doctors in medical institutions, respectively (separation system). The methodology avails public national data. The participation of Japanese medical institutions to the separation system was optional according to the legal system. Consequently, its spreading rate for each administrative district is highly variable, allowing us to study its correlation with various medication costs and other factors, such as the generic medicine replacement ratio, proportion of elderly, and number of doctors per 100 000 individuals as independent variables. These four factors are known to be influential in medical compensation. We used regression analysis by the weighted least square method, with dependent variables being costs of daily medicines, specifically, total, internal, one-shot, external, and injection medicines; medical devices, brand-name medicines, generic medicines, and number of prescribed medicines; as well as technical fees. The analysis focused on whether the extent of the separation system reduces costs such as those for medicines, medical devices, technical fees, or number of prescribed medicines. The partial regression coefficient of the spreading rate of the separation system was found to have negative relationships with all daily costs and number of prescribed medicines, as well as the technical fee, except for external medicines, for which most of the market is represented by light analgesics (taken by patients as needed). The necessity of separating prescribing and dispensing is thus low because of the low information asymmetry between doctors and patients. The results revealed that promoting the separation system reduced medication costs, because it normalized the medication market for daily necessities by compensating information asymmetry. Furthermore, the separation system reduced excesses in prescribing medicines.
Introduction
In the late 20th century, Japan introduced separation between prescription and dispensation medicines by doctors in medical institutions and pharmacists in pharmacies, respectively (hereafter, separation system). When the economic evaluations of clinical pharmacy interventions were studied, methodological problems appeared, including the absence of a control group, as the listing of public medicine prices undergoes a revision once every two years in addition to four revisions a year, the changes being too frequent to compare each fiscal year data. As a result, reports differed on whether the separation system has been effective in reducing medication costs since the 1960s. Moreover, the economic effectiveness of the separation system has not been quantitatively investigated in detail, as it is difficult to accurately compare the objects under study. Particularly, it is impossible to undertake a double-blind test of the separation system, as experience content, by its nature, must be known by doctors, patients, and pharmacists. Despite these difficulties, Japan's separation system proliferated in the 1990s and, in 2016, was present in over 70% of all healthcare facilities in Japan according to the Japan Pharmaceutical Association (2016).
effectiveness of interventions by community pharmacists. For example, Elliott, Putman, Davis, and Annemans (2014) reported the effectiveness of reducing polypharmacy by intervention of pharmacists through a systematic review and Touchette et al. (2014) discussed the economic evaluation of clinical pharmacy services. Akinbosoye, Taitel, Grana, Hill, and Wade (2016) reported the impact of a multifaceted set of medication management interventions offered by a community pharmacy. As a result, a multifaceted set of medication management interventions offered by a community pharmacy were associated with the patients in a commercial population having significantly higher medication adherence and lower healthcare utilization and costs. Although these reports designated that the community pharmacy contributed to medical cost reduction, they do not analyze national level data.
Research Objective
Previous studies revealed the financial efficiency of the separation system by undertaking multiple linear regression analysis for Japanese prefecture-level data (Yokoi & Tashiro, 2016) . Although prescription numbers varied by prefecture, this study did not considered prescription numbers.
Therefore, we specifically used weighted least square (WLS) regression, with dependent variables being costs of daily medicines, specifically, total, internal, one-shot, external, and injection medicines, medical devices, brand-name medicines, generic medicines, number of prescribed medicines, as well as technical fee. The analysis focused on whether the spreading of the separation system was the determinant for reducing costs such as for medicines, medical devices, technical fee, number of prescribed medicines. Furthermore, we analyze whether the separation system influenced more brand-name or generic medicines.
Methodology
All Japanese individuals must be associated to a specific public health insurance system under Japanese law, with exceptions applied to welfare for livelihood protection because their financial resources are covered from tax, not public health insurance. Although covered by tax, their insurance healthcare data are reported in the national health insurance data. Therefore, we can study all Japanese medical costs by availing national health insurance system data.
Although there are the components of self-paying and public insurance costs in the amount due when Japanese health insurance is applied at the medical institution or community pharmacy, national health insurance system data indicate the price including both.
We performed multiple linear regression analysis by WLS, using daily medicine costs for internal use or other medicine costs and fees per prescription as dependent variable. As independent variables, we used the expanding rate of the separation system, ratio of generic medicines replaced with brand-name ones, proportion of individuals 75 or older, and number of doctors per 100 000 individuals. Weights were determined by examining the prescription sheets submitted to the pharmacies in each prefecture, from national health insurance data. We hypothesize these variables considerably correlate with daily medicine costs. The medicine costs for a prescription are influenced by numerous factors. For determining the net influence of the separation system, other factors besides the separation system must be canceled as well as possible. This method can thus cancel the influence of other factors excepted from the separation system. We studied the correlation between medication costs per prescription and medical expense determinants by analyzing objective nationwide prefecture-level data derived from three sources-the Japanese Statistics Bureau of the Ministry of Internal Affairs and Communications (JSB); Ministry of Health, Labour, and Welfare Insurance Bureau Security Research Division (JMHLW); and Japan Pharmaceutical Association (JPA), a nonprofit public service corporation.
Dependent Variable

Definitions
Total medicine cost included all medicines on a prescription, whether internal, external, or injection medicines, or medical devices. Internal medicines are oral medicines and usage doses are mentioned on the prescription. One-shot administration medicines are a type of internal medicines characteristic to Japanese prescriptions that are to be taken by self-judgement when patients feel subjective symptoms and their usage dose is not mentioned on the prescription. External medicines are patches, nasal drops, suppositories, enemas, eye drops, ear-drops, and gargles. Injection medicines are only for outpatient use, such as, anticancer treatments, insulin, and hormones. Medical devices include injection needles and catheters for outpatient use. Furthermore, we also analyzed brand-name medicine costs, generic medicine costs, number of prescribed medicines, and technical fee for a prescription, as dependent variables. A technical fee is the cost paid to the pharmacy for dispensing medicines, excluding the total medicine cost of a prescription. In other words, it is type of commission and its price is legally determined by public insurance rules.
From the JMHLW (2016) website, we obtained data on average medicine costs and dosage days per prescription for each prefecture in 2016, using the same database as Yokoi and Tashiro (2016) . Nationwide data on prescriptions use the insurance applications received by pharmacies for medical expenses, 99.4% of which are currently covered by medical insurance. The descriptive statistics of the dependent variable (per prescription) in the analysis of the data from the 47 Japanese prefectures are shown Tables 1 and 2. 
Independent Variables and Weight
Expansion Rate (%)
The expansion rate refers to the number of separation system upgrades in Japan's administrative divisions, the prefectures. The data for fiscal year 2016 were obtained from JPA (2016).
Generic Medicine Replacement Ratio (%)
These data were taken from the JMHLW website, being based on the trends in 2016 regarding the composition of medical expenses (for computation processing) (JMHLW, 2016) . From these data, for each prefecture, the rate of generic medicines replaced by brand name ones (hereafter, generic medicine replacement ratio) was calculated.
These data are precise, as they are based on universal healthcare and medical insurance data.
Proportion of the Elderly
Elderly persons were defined as those aged 75 or older. We obtained data on this group of individuals (hereafter, proportion of elderly) from the JSB (2016) website. The proportion of elderly in each prefecture is based on city and district population data captured by the JSB during the national census.
Number of Doctors per 100 000 Individuals
These data were taken from the JMHLW website, being based on data from 2014 regarding the number of doctors in each prefecture. These data are collected every two years, making the 2014 the latest available. 
Data Weights
Here, data weight refers to the number of prescriptions reported as per the separation system upgrades among Japan's administrative divisions. The data for fiscal year 2016 were obtained from JPA (2016). 
Data Analysis
We analyzed the daily costs of the eight items as dependent variables and performed multiple linear regression analysis by WLS with the number of prescription sheets in each prefecture. The weighted multiple regression analysis used the daily cost per prescription of total, internal, one-shot, external, and injection medicines, and medical devices as the dependent variable. Additionally, the expansion rate, generic medicine replacement ratio, proportion of elderly, and number of doctors per 100 000 individuals were used as independent variables. All statistical analyses were performed using RStudio and R Commander.
Results
Total Medicine Costs, Internal Medicine Costs and One-Shot Medicine Costs
In the weighted multiple regression analysis, when the objective variable was daily total medicine cost, the 95% confidence intervals of the partial regression coefficients of the expansion rate ("separation ratio") and generic medicine replacement rate ("GE ratio") were negative. On the other hand, the number of doctors per 100 000 individuals in the population ("Dr. number/100 000") was always positive. No trend was seen for the proportion of elderly ("75 years or over ratio"). Multiple regression formula: Y 1 = 0.0977X 1 -1.5518X 2 -1.0959X 3 + 0.6654X 4 + 446.9369. Multiple R-squared: 0.7564
For daily internal medicine costs, the 95% confidence intervals of the partial regression coefficients of the separation and GE ratios were negative. On the other hand, no trends were seen for either the 75 years or over ratio or Dr. number/100 000. Multiple regression formula: Y 2 = 0.0654X 1 -1.4125X 2 -0.9072X 3 + 1.5638X 4 + 367.1454. Multiple R-squared: 0.5886
For daily one-shot medicine costs, the 95% confidence interval of the partial regression coefficient for the separation ratio was negative. On the other hand, no trends were seen for the GE, 75 years or over, or Dr. number/100 000. Multiple regression formula: Y 3 = -0.0003X 1 -0.0298X 2 -0.0443X 3 + 0.0056X 4 + 7.2075. Multiple R-squared: 0.4142 
External Medicine Costs, Injection Medicine Costs and Medical Device Costs
For daily internal medicine costs, the 95% confidence interval of the partial regression coefficient for the 75 years or over ratio was negative. On the other hand, Dr. number/100 000 was positive. No trend was seen for the GE or separation ratios. Multiple regression formula: Y 4 = 0.0214X 1 -0.1239X 2 + 0.0275X 3 -0.6227X 4 + 46.5274. Multiple R-squared: 0.6310.
For daily injection medicine costs, the 95% confidence intervals of the partial regression coefficients for the separation ratio and of the 75 years or over ratio was negative. On the other hand, the Dr. number/100 000 was positive. No trend was seen for the GE ratio. Multiple regression formula: Y 5 = 0.0112X 1 + 0.0104X 2 -0.1718X 3 -0.2814X 4 + 26.0759. Multiple R-squared: 0.5483.
For daily medical device costs, the 95% confidence interval of the partial regression coefficient for the separation ratio was negative. On the other hand, no trends were seen for Dr. number/100 000, GE ratio, or 75 years or over ratio. Multiple regression formula: Y 6 = 0.0007X 1 + 0.0051X 2 -0.0091X 3 + 0.0011X 4 + 0.8123. Multiple R-squared: 0.1987 
Brand-Name Medicine Costs and Generic Medicine Costs
For daily brand-name medicine costs, the 95% confidence intervals of the partial regression coefficients for the separation and GE ratios were negative. On the other hand, the one for Dr. number/100 000 was positive, but no trends were seen for Dr. number/100 000 or the 75 years or over ratio. 
Number of Prescribed Medicines and Technical Fee
For the number of prescribed medicines, the 95% confidence interval of the partial regression coefficient for the separation ratio was negative. On the other hand, the one for the 75 years or over ratio was positive. No trends were seen for Dr. number/100 000 or the GE ratio. Multiple regression formula: Y 9 = 0.0007X 1 + 0.0040X 2 -0.0044X 3 + 0.0374X 4 + 2.2170. Multiple R-squared: 0.4883.
For the technical fee, the 95% confidence interval of the partial regression coefficient for the separation ratio was negative. On the other hand, the one for Dr. number/100 000 was positive. No trends were seen for the GE or 75 or over ratio. Multiple regression formula: Y 10 = 0.0834X 1 + 0.4016X 2 -0.3084X 3 -0.5052X 4 + 79.4458. Multiple R-squared: 0.3529. 
Discussion
Separation System
The partial regression coefficient of the separation ratio for total medication costs is -1.0959. Therefore, a 1% increase in the separation system reduces each prescription by USD -1.0959 cents. As the number of prescription sheets in Japan is around 800 000 000 (JPA, 2016) , it is presumed that a 1% increase in the separation system would yield a reduction of around USD 8 767 200 per day. Furthermore, as the average number of prescription days in Japan (JMHLW, 2016) is 23.1, cost would be reduced by USD 202 522 320 per prescription per year.
No significant partial trends were found between the expansion rate and external medicine, because the most popular medicines in this category on the Japanese market are light painkillers, allowing patients to make their own purchase and use decisions (Yokoi & Tashiro, 2016) .
Brand-Name and Generic Medicine Costs
The partial regression coefficient of the separation ratio for brand-name medicine costs is -1.0147 and -0.081 for generic medicine. Therefore, the highest reduction of the separation system is due to brand-name medicine costs. The reason is considered as follows: the ratio of generic medicine replacement ratio is continuously increasing, as the Japanese government promotes it politically. In other words, Japanese pharmaceutical companies are forced to promote brand-name medicines with no generic alternatives because of ensuring profit.
Number of Prescribed Medicine
As the partial regression coefficient is -0.0044, the difference in the number of prescribed medicines between 0% and 100% of the expansion rate is 0.44. As the average number of prescribed medicines is 2.83 (JMHLW, 2016), the effect is not negligible. This means the separation system is reducing excess prescribed medicines.
Technical Fee
The expansion rate of the separation system is negative and partially significant in relation with technical fees. This means the separation system is effective, not only for medicine costs but also technical fees. The expansion of the separation system is thus causing the market mechanism to function normally.
Generic Medicine Ratio
The use of generic medicines to reduce costs is a well-known practice. Numerous generic medicines are available, leading to a significant cost-reduction trend in terms of internal medicines. On the other hand, for external and injection medicines and medical devices, where few or no generic medicines are available, no such trend was observed. Although Japanese community pharmacies can legally claim technical fees for dispensing generic medicine over a certain amount, its influence was null.
Number of Doctors per 100 000 Individuals
The daily costs of total, internal, external, and injection medicines had significant and partially positive gjhs.ccsenet.org Global Journal of Health Science Vol. 10, No. 5; relationships with Dr. number/100 000. This finding does not contradict those of previous studies, as a growth in Dr. number/100 000 has naturally led to an increase in total medical expenses. Furthermore, brand-name medicine costs also had a significant and partially positive relationship with Dr. number/100 000, while generic medicine costs had not as explained in 5.1.1. Although technical fees are charged by community pharmacies, they had a significant and partially negative relationship with Dr. number/100,000. It is presumed that increasing the number of doctors, more prescriptions and community pharmacies. Because more patients are able be medically examined, and prescribed medicines.
As a result, the technical fees of pharmacies tend to decrease because of the intense competition among them.
Proportion of Elderly
In any case, attention should be drawn to the increasing 75 years or over ratio and its role in increasing overall medicine costs. The increase in this ratio was proven not to increase medicine costs per prescription because the elderly tend to consult numerous medical institutions and receive several prescriptions.
On the other hand, generic medicine costs and number of prescribed medicines had a significant and partially positive relationship with the proportion of the elderly. This means doctors tend to prescribe well-used medicines such as generic ones and more medicines than for other patient categories because the elderly patients typically suffer from more diseases and take more medicines on average.
Limitations
Although we found the growth rate of the separation system to be significantly and negatively correlated with the expenses for daily medicines and medical devices per prescription, daily brand-name, and generic medicines, technical fee, and number of medicines. The possible reasons for these findings are hypothetical, and this study was unable to verify them. Consequently, we must investigate the actions and thoughts of patients, doctors, and pharmacists in future research.
Conclusion
We found that the daily costs of total, internal, one-shot, and injection medicines and medical devices had significant and partially negative relationships with the expansion rate. First, the separation system strongly influenced cost reduction in these areas. On the other hand, no significant partial trends were found between the expansion rate and external medicine.
The expansion rate of the separation system is negative and shows a partially significant relationship with brand-name and generic medicine costs, the number of prescribed medicines, and technical fees. The daily costs of total and internal, external, one-shot, and brand-name medicines had significant and partially negative relationships with the expansion rate. The daily costs of total, internal, external, and injection medicines had significant and partially positive relationships with Dr. number/100 000. Finally, generic medicine costs and number of prescribed medicines had a significant and partially positive relationship with the proportion of the elderly.
